Introduction

19
Orofacial clefts (OFC) are congenital anomalies affecting the lip, palate or both and 20 categorized in two broad phenotypes, cleft lip with or without cleft palate (CL/P) and cleft 21 palate (CP) [1] . The occurrence of the two phenotypes shows a sex based disparity, with a male 22 predominance in CL/P and a female predominance in CP [2, 3] . About 30% of cases of OFC 23 are syndromic. The non-syndromic cases are thought to be due to multiple genes and 24 environmental factors [4, 5] .
25
Like most other chronic diseases, the heritability of developing non-syndromic OFC is only 26 to a small extent accounted for by the major risk loci so far identified, indicating that the 27 infant's genetic profile alone cannot explain the origin of this malformation. And as the 28 formation of the lip and palate starts early in pregnancy, is vulnerable to perturbation of the 29 maternal nutritional and non-nutritional milieu [6] that can affect its epigenetic programing.
30
Therefore, cleft of the lip and palate can arise as a result of any change that impacts its normal 31 development such as genetic variation [7, 8] , and environmental factors including maternal 32 nutrients, smoking and hormones [9, 10, 11, 12] , but the role of these factors in etiology is still 33 inconclusive [13, 14] .
34
Numerous studies suggest that the risk for OFC is increased by disturbance of the one- There is a lack of epigenetic data on the DNA methylation of cleft tissues in humans. To 65 overcome this shortcoming, we undertook a pilot study of LINE-1 methylation in lip tissue 66 taken from humans undergoing surgical repair of cleft lip (CL) to address epigenetic changes.
67
We also investigated the association of LINE-1 methylation with reported maternal 68 periconceptional folic acid supplementation, sex and cleft subtype.
69
Materials and methods
70
Cases
71
Infants with non-syndromic cleft lip with or without palate were identified in the context 
88
Tissue samples 89 The lip tissue samples were collected from Twenty-three non-syndromic CL/P cases, with 90 an average age of 6.5 (95% CI 5.0-7.1) months at the time of surgery: 12 males (7 CL, 5 CLP; 91 3 cases with preconceptional FA, preFA, and 9 without preconceptional FA, No-preFA); and 92 11 females (6 CL, 5 CLP; 2 cases with preFA, 7 No-preFA, and 2 with missing preFA data).
93
Samples were collected immediately in lysis buffer (pH7.4) from both lateral and medial side 94 of CL. The samples were then transferred to the laboratory at University of Ferrara where they 95 were processed for epigenetic study.
96
DNA extraction and sodium bisulfite treatment
97
The cases' lateral and medial side cleft lip tissues collected in lysis buffer were 
Pyrosequencing
106
The LINE-1 DNA methylation level was measured for all the study samples with The pyrosequencing runs were performed to obtain a pyrogram from each PCR reaction, Bonferroni correction and inapplicability of other forms of adjustment to this study [48, 49] .
145
We adopted the most conservative approach of adjusting for all 13 comparisons reported.
Results
147
Our results are based on samples that showed a normal distribution of LINE- infants born to mothers with and without periconceptional folic acid supplementation.
161
Comparison between these two groups showed no significant difference. However, 162 methylation on the medial side was 2.7% higher than that on the lateral side in the cases whose 163 mothers did not take periconceptional folic acid supplements, (p=0.011; Table 1 ). In secondary 164 analysis using a Bonferroni corrected threshold (p=0.004) , this finding was not statistically 165 significant.
166
Discussion
167
In this first pilot study using human lip tissue obtained from infants with non-syndromic 168 CL/P, we observed differences in LINE-1 DNA methylation between tissues on the lateral and 169 medial side of the cleft. These differences were apparent in boys but not in girls, and in infants 170 whose mothers did not take supplements containing folic acid in the periconceptional period 171 but not in the offspring of women who took supplements. There were no differences in 172 methylation by sex or cleft subgroup.
173
From our results it appears that the medial side of clefts have higher global methylation 174 levels, especially in male infants. This pattern is also apparent in infants from pregnancies in 175 which supplements containing folic acid were not taken during the periconceptional period, but 176 we acknowledge that numbers are very small. We also recognize that the inability to obtain 177 normal lip tissues with which to compare our lip tissue samples is a shortcoming that prevents the direct determination of whether this epigenetic difference between of the two sides is a 179 pattern present in the general population, rather than being specific to clefting, i.e. a real cause 180 or consequence of clefting. However, we suggest that this difference may reflect the fact that 
